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ABSTRACT 


The trahsmission loss between the trabsaitting 
and receiving antennas of any troposcatter link determines 
whether the signal will be received usefully. Currently, 
a number of techniques, for prediction of path losses on 
a troposcabter link, are in vogue. 

In this thesis, a discussion and inter-comparrson 
between some prominent methods of bhese has been done, with 
Kanpur “Nainital troposcatter link data as the base. Studies 
have also been done to determine the sensitivity of path 
losses to changes in scatter angle, surface refractivity/ 
initial refractivity gradient and effective earth radius 
factor. 

Studies have also been done to examine the possibilities 
of eavesdropping/ Jamming of troposcatter links, with the 
eavesdropper/ jammer station lying not necessarily within the 
great circle path of the exisbing link. One of the 
prediction methods has been used to predict path losses 
for eavesdropper/ jammer. 
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chapter 1 

lEITRODUCTIOIT 


1.1 CeneTajl 

Troposca’fcter ComiaurLicabiorL had "been developed over 
the last 20 years into a highly successful ahd reliable 
method of communications. It can provide a large number of 
channels of upto 99 * 9 % reliability between txro poinbs as 
far apart at 600 Kms. However, ib is expensive and hence, 
its use IB normally restricted to special applications 
where other more economical means of communication are either 
not feasible, or do not provide the same reliability. 

Some of bhe typical application areas are 

a) Where communication is bo be provided over rugged, 
or inhospitable, terrains and ib is not 
possible to insbal repeaters in between, for 
example, Oceans, Deserts, Mountains etc. 

b) Where communication is to be provided across a 
hostile terxitory or another pol- tical administ- 
ration, 

c) vJhere communication is required an temporary basis. 
Transportable troposcatter communication equipment 
can be used here, for example, communication for 
mobile formations of the military, oi for a mining 
or oil exploration projecb in an area detached frcm 
headquarters and not affording good communications. 
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d) VTiere it is not necessary to drop any channels 
in "between two communication sites. In such 
circumstances a troposcatter link may be more 
economical than an LOS chain. 

1.2 Requirement for Pabh Loss rredicbions 

The transmission loss hecween the transmitting and 
receiving antennas of any link determines whether the 
signal will be received usefully. Each radio system is 
designed for a maximum allowable transmission loss. Hence, 
a reasonably accurate prediction of this loss helps in the 
design, and economics, of the system. 

While planning for a troposcatter systsn, it is 
essential that we predict the path loss for the link accurately, 
so that neither the equipment is over designed, nor do we 
fall to achieve the desired reliability. Pessimistic 
predictions of path loss are known bo have escalated the 
costs of the system considerably. Prediction of path loss 
can be done by either carrying out the acti^al field 
propagation trials, or by using different prediction techniques 
irith local meteorological data, and geographical and 
equipment details* 

1 *3 Existing Methods of Prediction 

Chirrently a number of prediction techniques are in 
vogue. A discussion on bhese and inter comparison between 
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Q 4 0 

them has been done hy Larsen ahd Sarkar' . However, in 
this thesis only the following have been considered* 

1 .3.1 HBH 1 01 Method G-iven in HB3 Technical Note 101^"^ euid 

Q 

Computer Code , it is based on determination of a median 
reference value of attenuation for unstratified atmoi^phenc 
conditions, usually corresponding to winter afternoon hours* 
In this, the reference value has been taken to be a function 
of Hg, the surface re fr activity gjid contains an empirical 
adjustment to observed radio data. This method has been 
rather xirell documented and is most extensively used, though 
it IS found to be a little pessimistic in predictions. 

1 .3.2 HPL Method This method, based on a senes of 

observations of propagation mechanisns over the Indian 

sub continent, is evolved by Kajumdar * A model of 

refractive index structure of atmosphere which consists 

of both, homogeneous and isotropically turbulent medium, and 

many refliction facets thrOi,^h -ihich the g_adi 0 a i. of 

refractive index is very strong, has been assumed, following 

4 

Eklund and Hickerts . Hence both scattered aid reflected 
received power has been considered. The meteorologac al 
parameter used here is bhe initial gradient of rof rac tivL ty , 
which has been linked to spectral intoisity of refractive 

p 

index fluctuations, 0^ , (used by Eklund & v/ickerts) by an 
empirical relationship. 
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1 .3.3 OOIR (grendi Administratioa) Method G-iven in Report 

A 

238-2, CCIR f this method gives basic transmission loss. 

Valid fo-^ all climates, based on availability of radio- 

met eoro logical parameters, obtained from meteorologntal 

soundings. In absaace of such data, it permits the use 

of surface refractivity (1T_) and che gradient between the 

s 

ground and at 1 Km above the ground (An), 

1 .3.4 Gollins Method This is entirely a graphical method 

23 

contained in ah instruction manual for the U.S. Army . It 
consists of a series of graphs and nomograms, from which an 
approximate value of path loss can be determined raT^her 
quickly. Interestingly, this method is independent of any 
radio meteorological parameter. It is good for quick 
predictions of troposcatter communication by mobile 
equipment, 

1 .3.5 Parl*s Method A general formula has been evolved by 
1 6 

Pari , in a recent paper, for basic tropospheric scatter path 
loss. It encompasses, both, the theory used by NBS 101 
and the turbulent scatter theory of Kolmogorov-Obukhov. 

Either of these two can be used for prediction at a mere 
switch of the value of the spectrum slope. Purthesr, 
aperture -to-medium coupling losses can also be determined 
for various beamwidth, and spectrum slopes. The meteorological 
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Parajaeters used are variance of refractive index fluctuations 
and correlation distance of refractive index, 

Sta..aaeat of the Probltn 

An experimental troposcatter link was being operated 
between Uainital and Kanpur with, transmitter at Hainital 
and receiver at IIT, Kanpur, A total of approximately 
3600 hours of data has been recorded, covering all the 
months of the year, evenly as far as possible. Keeping this 
link in view, the following studies have been carried out. 

Inter-comparison between various methods Path loss 
prediction calculations have been made for this link, using 
different methods. These results have, then, been compared 
with the observed path losses to determine the method which 
predicts values closest to the observed values, 

1.4.2 Sensitivity studies Sensitivity of path loss 
predictions to various essential parameters have been studied 
for the different methods. The parameters considered are 

a) Surface refractivity/lnitial gradient of 
refr activity. 

b) Scatter Angle 

c) Effective Barth Radius factor 

1 '4»5 Eavesdropping and Jamming Studies Certain studies 
have been carried out to determine the path loss to be 
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encountered by an eavesdropping station, not necessarily in 
the great circle plane of the operating link, to determine 
the received signal power for various locations and ahtema 
elevations* In similar vein, pai^b. losses to he encounteared 
hy a oamming transmitter have also been calculated to 
determine the required ;Jammer power, for its variDus 
locations* 

1.5 Scope of the Wo rk 

The entire studies of this thesis have been conducted 

based on radio-metearological data supplied by National 

Physical Laboratory (NPl), New Delhi, as given in Radio 

1 2 

Refractivity Atlas • The values of N_ have been determined 

O 

from Mean Surface Refractivity reduced co sea level (N^), 

1 1 

which in turn have been picked up from MaD^'^ar . The other 
radio -meteorological parameter, Initial Refractivity 
G-radient (AN^) b.as been picked up from the Atlas. 

The refractivity gradient at 1 Km for use in ' all 
m-ethods for calculating the effective -earth radius has been 
t ak-en -aa initial rsfractivity gradient , A N^ » and not 
the formula mentioned in NBS 101, as is often done* 

The results of these studies ace based entirely on a 
single link (Kanpur-Nainital) , and hence may not be adequate 
for generalization* 
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Q 

The Computer Code , for use uioh FBS 101 method, has 
not been made use of, because of Note 1 bo Report 425-1 , 

CCIR^ , which disqualifies it from use for point- to -point 
services in the scatter region. Instead our om Fortran 17 
programme was developed, aid used on EEC system 1090, 

This woik has been divided into various chapters. In 
Chapter 2 a treatment for finding various parameters of the 
link and common volume geometry has been given. Since this 
aspect IS coDamon to all methods, it has been treated 
separately, ^so the link parameters and the results of the 
link-geometry for the Nainital-Kanpur link have been given 
in brief. The NBS 101 prediction technique has been discussed 
in Chapter 3* In Chapter 4 the NPL prediction technique has 
been given with detailed discussion on the Eklund and Wickerts 
model of received power from turbulaat scatter as well as 
reflection from facets through which refractive index gradient 
IS very strong. Chapter 5 deals with the other prediction 
methods mentioned above, viz, COIR (itench Administration) 
method, Collins method and Parl*s generalised method. Inter- 
comparison of Various methods with reference to the actually 
observed median path loss has been given in Chapter 6. 

Chapter 7 contains a discussion on sensitivity of path 
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loss to diange in certain essential parameters viz. Surface 
Refractivity /Initial Refractivity gradient. Scatter Angle 
and Effective Earth. Radius* Stndies on eavesdropping 
and jamming of troposcatter links have "been dealt with 
in Chapter 8* 



chapter 2 

PATH CEOMETRY 
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2.1 G-eneral * 

The scatter ajigle xs the most important parameter 
used XU Forward Scatter Loss Calculations. It xs defined 
as the angle between radio horizon rays, in the great circle 
plane, as determined by the anfcenna locations. The 
scatter angle depends on terrain profile, antenna mounting 
and upon the bending of radio rays in the troposphere. 

If the heights to be considered are less than one Em above 
earth^s surface, Ibhe assumption of constant effective 
earth radius, a, mahes an adequate allowance for ray bending 
and so the angle can be determined from the terrain profile, 
by taking radio rays as straight lines. 

Since path geometry aspect of prediction of path loss 
IS common to all methods considered, it has been treated 
separately in this thesis. However, this has already been 
rather well documented in other wox’ks, and so only brief 
treatment has been given* 

For the complete geometry, all heights and distances 
are in kilometers and angles in radians, unless mentioned 
specifically* 
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2.2 Plotting a G-reat Circle Path 

Pig, 2,1 ^ows the spherical triahgle used for 

computing the great circle path distance hetween two points, 

A and B, a,b the terminals, and where P is the North Pole. 

Both A and B are in the Northern hemisphere, and lai'itude 

of B IS higher than latitude 0^ of A (only the case of 

northern hemisphere is considered, heing applicable to Indian 

■¥ 

sub- continent) , 

The initial bearings, X from terminal A, and I from 
terminal B, are measured from True North, and are calculated 
as follows 

tan = oot I [(sxn ^^)/(oob ^ )] 

tan oot I [(000 ?B^)/(sxn ^ )J 

where C is the difference between the longitudes of two 
points. The great circle distance Z, is given by 

tan f = ■*^an (sin 21^)/(sin in degrees. 

This IS converted to kilometers by 
= 111.18 Z» 

2.3 Plotting a Terrain Profile . 

Elevations h of the terrain are read from topographical 
maps and tabulated versus their distance from the 



transmitting antenna. These include successive high and 
low points along the path. The terrain elevations aie 
modified to include the effect of average curvature of the 
nay Path and earth's surface, so chat the profile can be 
plocted on linear graph paper. The modified elevations y 
of any point h , at a distance x , from the transmitter 

IL 

along a great circle path, is it’s height above a plane 
horizontal at the transmitting antenna location. 

2 

y^ = h^ - /2a > whore a is the effective earth 

radius, in Ems (determination of 'a' varies for Collin's - 
method., and hence has been treated accordingly). 

Pig* 2.2 shows the terrain profile for a transhorizon 

Path. 


2.4 Calculation of Effective Antenna Height s 

To obtain the effective height of the transmitting 
antenna, the average hei^t above sea level of the 
central 8C% of the terrain b tween the transmitter and its 
horizon point is obtained. 31 evenly spaced terrain 
elevations hj.^ for i = 0,1,... 30, where h^^ = h^^ (height 
above sea level of the ground below the transmitting antenna) 
and hj-^Q - (height of radio horizon obstacle above 
sea level) are determined. 
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^ 27 

then, h^ =2'5 X 

1=:3 

and ^ ~ ^ts “ Height h^ is similarly defined. 

^be ” ^ ^ ^ 

and h^^ = h^ , if h^ ^ 1 iDn 

For antennas higher than 1 Km, a correction /ih., as obtained 

22 

from ray tracing methods described by Bean and Thayer is 
used to reduce the value h^^ or 

‘‘te = N: - ’ ^re= 

can te reaji from I'lg. 6*7, UBS 101^ 

Over a smooth spherical earth uith h. ^ and h^^ less than 

u Q jltG 

1 Eja, the following approximate relationship exists between 
effective antenna heights, and horizon distances ( ^ 

^te ^ "^It ’ \e 

2*5 Calculation of Angular Distance, 0 

Pig, 2,3 shows the terrain profile with relative 
disbances and angles marked, to aid calculation of the 
angular distance. Calculations for cases where antenna 
beams are elevated or directed out of the great circle plane 
are not dealt with here. 
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The horizon ray elevation ah&les 0^^, 0^^, are 
computed as follows 

Q _ ^f^ts ^Lt Q ^r^^rs ^Lr 

®et - *■ » ®er " Tr 

where hj^^, hj^^ are heights of horizon obstacles, and bL^g» 
are antenna heights, all above mean sea level. As a general 
rule, the location and of a horizon 

obstacle is determined from terrain profile. 


At lihe horizon location, the angular elevation of a 
horizon ray, 0^^ • or is greater than the horizon 

elevation angle 0^^ or 0^^ 

®ot "" ®et ^ ^ ®or ~ ^er’^Lr'^^ 


If the earth is smooth, 0^^ or 0^^ are zero, and © :nDs/a, 
where 


Ds = d - 


- d. 


•^t '‘Lr 

In the general case of irregular terrain, ^gles 


and 




00 


shown in Pig. 2.5 are calculated as follows 


A 1^4- “I- 

iL - + o + ts . rs 

^ 00 ^ ?a ^ ®et + d 


P 


, h -h, 

d . A . ts. 

29 ^er ^ 


0 0 i ^9 'er d 

To allow for the effects of a non-linear re fr activity 
gradient, corrections A o(q and are read from Tigs. 6.9 

and 6,10 of KBS 101 to give cK ^ and |& ^ 


<0 =<=<00 


P O Poo ^po 
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Now angular dxstan.ce, Q = <?(q + 

path syiometry factor s = / ^o* angular distance, 

0, IS tho angle between horizon rays in the great circle 
plane, and is the minimum scati-er angle. Ac?(q, 
functions of angles 0^^, and distances d^^., d^^ defined 
as 

d . = d. /© “ d, . , d = d. X Vo ^ •“ d^^ 

st poo' 00 ^t * sr oo' 00 Lr 

Por small values of ©q.^> and for d^^, less than 
100 Ems, bothAo^^, aro negligible. Hence, 

® “ ®00 " *^00 ^ ^00 
2.6 Common Volume Geomebry 

2*6.1 Calculation of common volume in approximate, but useful 

1 9 

expression for common volume, also used by Tatarski , is 
obtained below. As shown in Pig. 2.4, the common volume is 
assumed to be bound by two sets of parallel planes, so that 
the cross-section of the common volume in the a-Z plane is 
a rhomr-bus. The area of this rhombus is found as follows. 


The perpendicular distance AP between the sides AP 
and CD IS given in terms of the beajmcLdth, / , and distance 
of scattering volume from the transmitter, TP (Pig, 2.4) 
as AP = TO* . y 



Therefore, AP « 2 

Hence, irea ABOD =: IB.AP = '^ja© 

In the Y -direction, the comruon volume also extends the 
distance, 


Therefore, volume V = iP 


For © small, V 



iEi .bH! 

sin© 8 sin© 


2.6,2 Extent of common volume In Fig, 2.5, for small value of 
©, we can approximate iP to be equal to AO, Hence the extent 

dV*" 

of common volume will be approximately h * 

2*7 Link ©eometry for Kanpur -Nainital Link . 

2*7.1 G-reat Circle .Distance 

(a) Latitude Kanpur = 29° 21’ 38.9” 

Nainital = 26^ 30' 56" 

(b) Longitude Kanpur = 79° 27' 25,6" 

Nainital = 80° 14' 10" 

(c) G-reat Circle Distance, d = 325,45 Kms 


2,7,2 Calculation of Angular Distanco,© This factor depends 
on the effective earth radius, a„, which has been used from 
different sources for various prediction models. 



( 8 ,) ® ^ *8925 KMS 

(to) to^Q « 1.8823 Kms 

(c) ss 0.0 Ems. 

( d ) 0 S5 0.0 Ems • 

(e) as 0,0 Ems, 

W 


>r 

m 

If 

0, 

► 1458 Emsi 


0, 

► 1458 Ems. 

^Ir = 

0. 

► 0 

Ems. 

Q 

er 

0. 

► 0 

Ems. 

0 = 
or 

0. 

.0 

Ems. 


1 ) = 11021 Ims. 

<^00 “ 0*020 rads , = 0.009 rads 

= 0,020 rads , = O.OO9 rads 

© s= 0.029 rads f s = 2.14 

(g) Diagonal width, AC 
AC as 2.68 Ems. 
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2,7.3 Other Details 

(a) Antenna Diameter = 28 ft (0.00853 Ems) 
(Both Transmitter and Receiver) . 

(to) frequency of Operation ss 2100 MHz. 

(c) Waveguide and Coupling losses = 4 dBs. 
(Both Transmitter and Receiver) 

(d) Transmitter Output Power a= 60 dBm. 




M ODl FI E D terrain EL E V A T 
: IN KILOMETERS 



FIG. 2.2 SAMPLE TERRAIN PROFILE FOR / A 
TRANSHORiZQN , PATH . 







c 
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CHAPTER 5 

NBS 101 PREDICT lOI TECSHNIQUES 

5i1 OeneraX 

1 7 

NBS 101 prediction technique for trauslaorizon 
communicacion by forward scatter is tlxe mo^ widely used and 
accepted method all over the world. It is based on the 
mathematical model» by Norton et.al. (1964), which gave a 
vertical wave number spectrum th-^t x^-ould achieve agreement 
between observed radio data and theory of forward scatter 
from refractivity turbulence. Since it is semi-empirical, 
no detailed analysis has been done here. The reference 
value, of long-term median basic transmission loss due 

to forward scatter is given by 

^bsr ' d+P(©d)-PQ+HQ+A^ dBs 

Where f is the radio frequency in ifflz d is the mean sea 

level are distance in Ems, 0 is the scatter angle, P(Od) 

IS a scatter a»gle dependant attenuation function, is 

the scattering efficiency term, is the frequency gain 

function and A is the atmospheric absorption, 
a 

3*2 Effe ct ive Earth Radius . 

The bending of radio ray as it passes through the 
troposphere is dependant on the refractive index gradiapt 
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xn the relevant portions# Since we wish to represent radio 
rays as straight lines, at least within first Km above the 
surface, an effective earth radius is defined as a function 
of the refractivity gradient ai- 1 Km above earth 's surface, 
AN^. Maoumdar has correlated ANj with based on 
observations over 15 radiosonde stations in India, and has 
given the following empirical models for Indian sub-continent. 

Inland Areas =-3.49 erp (0.0074 

Islands and 

Southern Coasts AN-| = -7*12 e35p(0*0054 Ifg) 

East Coast = -11.53 exp(0.0039 5g) 

For West and SE Coast, no relation^ip could be 
found. Since effective earth radius is given by 

% ~ D ^0 ' where a^ * 6370 Kms 

we have, for Inland Areas, from above 

ag = 6370 [1-0.02224 (0.0074 ^q)J 

1 2 

The Radio Refractivity Atlas givoT contours for 
initial refractivity gradient in H-units/Em. Evaluation of 
from the above relationship, for various over Kanpur- 
Rainital region was compared mbh oho initial refractivity 
gradient from the Atlas, and was found to differ greatly. 

Due to reasons and discussion given in Chaptec* 6, we reoect 
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the alx)Te models by Maomdar* Hence, the effective earth 
radius should be calculated aft^r reading ttie mean gradient, 
from Atlas, for the region concerned, as follows 

= 6370 [1-6370 . J 

5*5 fhe Attenuation function F(Qd) 

This function deper^ds upon the most important 

features of the propagation path, and upon Surface RefTa- 

ctivity, N_# This includes a small empirical adjustment 

to data available in the frequency range from 1CX) to 1000 MHz* 

Por assymetrical Paths, the attenuation for a given value 
Od 

of£(0 in radians and d in Eias) is less than it would be for 
a symmetrical path, for values of ©d ^6- 10, the effect 
of assymmetry is negligible but increases with increasing 
(Od), Particularly when s < 0,5o for values of a between 
0.7 and 1.0, the function F(0d) for N^ = 301 may be 
computed as follows 

for 0.01<©d<10, f(©d)=1 35.82+0.35 Od+30 log (©d) 
for 10 ^©d^ 70, f(©d)=129.5+0.21 2 ©d+37.5 log (©d) 
for Od > 70, f(©d)=1 19.2+0.1 57 ©d+45 log (©d) 
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For aXKf other values of IT , the functiori cah ho modified 

s 

hy this relatlon^ip* 

F(©d,Ng) * F(Qd,Hg « 301 ) - j^O.1 (Ng-301 ) 

For other values of s, Fig. 9.1» NBS 101 can he consulted. 

If a > 1.0, calculations/reading of graphs must he based 

on — # 

B 

3.4 Frequoacy Gaxn lUnction, Hq 

If ahtennas aye considered sufficiently higjkif 'the 
ground reflected energy doubles the incident power on 
scatterers visible to both antonnas, hence increasing the 
power scattered to the receiver, is the frequency is 
reduced, effective antenna height, or b^g/x m 

wavelengths, become smaller, and ground reflected energy 
tends to cancel direct-*ray energy at the lower part of the 
common volume, where scatt'^nng efficiency’ is greatest. 

This function is distance dependant, decreasing rapidly 
with increasing distance, till it approaches a constant 
value. 
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Por > 4 a/d aAd \q/X >4 a/d, is negligi'ble. 

IS known to vary with a parameter ^ s which is 
defined as 

>|b « 0.5696 hQ|i+(0,03-2,32lTgXl0”^+5*67HgXl0“*^) 

exp(“3»8h^ x10“^)1 
h^ = sd©/(l4s)^ Km, 

Parameters r^ and T 2 are defined as 

r, = 4TT9 = 4Tre 

where A are in Kms, and© in radians* 

5.4.1 Oase I .0 Panctions H^Cr^ ) and HQ(r 2 ) are 

read from Pig. 9.3, ITBS 101. Then is given by 

Ho = [ Ho (''1 + ^^0 

where, - 6(0,6 - logTj g) log s log q 

where, s ^ “ r 2 /sr^ • 

value of = 5 is taken 

■f s>10orq>10, use s-10or<j^=10 
If s<0,1 or q < 0.1, use s = 0.1 or q = 0,1 
If ^HQ>|Hg(r^ )+HQ(r2)]/2, use HQ=H^(r^ )+HQ(r 2 ) 

If AH would make negative, use H. = 0 

3 . 4.2 Case II '^Tst obtain fox 7j ^ = 1 as per 

Case I, and then compute H^C ^1 g= 0) as follows. 
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%%-0) = 10 logf I 

® f® ‘■rf h(r,)-li(r2)-^ 


where^. 


h(r^)«r^,f(r^ ) j f{r^)= G^(r^)Bin 
Ii(r2)er2*f(r2) ifCrg)* G^(r2)sxii rg^- 
cjr) = £ aaf-L. at , s^(r) = j’" 



?.4.2.2 ° 

V>- '” 

where, s(r) « 0^(r) oos r ~QT/2 - S^(r)J Bin r 

HOW. 1 )= s^irj^ =0)+)| ^ [hJ-|^=1 )-h<,(^3=0)] 

Hq rarely exceeds 25 dBs, except for very low antennas* 

3 . 5 Scattering Effioiency Term, 

This term allows for reduction in scattering efficiency 
at great heights in the atmosphere. 


■= 1-08S “ 

where* h^ - sd© /(14-s)^ Kms, h.j = sD^ ©/{l+s)^ 
where, * d - d^^^ - 

This correction term rarely exceeds 2 dB, 
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3.6 Functions V (0.5»d_) and Y (q, d^) . 

^ _ I II n il III ■ II I II 11 I - - I- " lit -I 

lo cater for long term power fading, UBS 101 divides 
the worl into 8 climatic rc ,ions (Hortherr plains of India 
would be covered under ’Continental Tenporato’ ). Median 
Values of data available have been related to long term 
reference value, a parameter V (0.5, d^), where d^ is 

the effective distance and is defined as follows 

dg, = 65 (100/f)7 la, = 3/^e ^ 

where h.^, h^. are in meters and f in MHz. 
t e re 

For d^ dj^ + dg^ , d^ =: 130 d/Cd^^+d^^) Em 

For ^ ^ ^ ^ 

Then, predicted long-term transmission loss exceeded by- 
half of all hourly medians, for a given climatic region, 
L(0,5), IS given by 

1(0.5) » Ifcsr - T(0.5,d^) dB 

V(0.5,d-; IS gi-ven in Fig. 10.13, UBS 101, for different 
0 

climates as a function of d^. Alternately, this function can 
also be calculated from expressions given in Appx. III. 7 
and constants in table III. 5, HBS 101. Different climatic 
regions have been treated separately. 
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A method for calcxilating trahsmissioa loss not 
exceeded for a fraction 'q* of hourly mediahs for a 
specifie^^ climatic region is 

L(q) = L(0.5) - Y (q, d^) dB 

where L(q,d ) is the variability of b(q), relative to its 
long-term median value I((0.5). Hence, for a given climatic 
region, the cumulative distribution of transmission loss 
can be obtained. Espressions are given in APP^c III. 7 and 
constants in table III. 6, III. 7, ITBS 101 for different 
climatic regions* 

long-term power fadmg aspect of prediction of path 
loss for climates other than ’Continental Temperate', in 
NBS 101, IS based on very scanty data an<3 so may not be 
very reliable* 



CHJiPTER 4 

NPL PREDIGTIOH TECHNIQUE 
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4.1 Genera^ . 

Majmdar^ ^ ^ ^ has evolved a method of prediction of 

long term median value of transmission loss over transhorizon 

tropospheric propagation paths in Indian as a result of 

extensive radio wave propagation and radio -meteorological 

studies in five different regions of the country. He has 

correlated the long berm signal strength at 120 MHz and 2 GHz 

with surface refractivity , N and refractivity gradient at 

s 

various levels. The correlation coefficient with initial 
refractivity gradient, (across a nominal altitude interval 

of 250 m above surface) was found to be the highest for all 
Paths, jp-so the slopes of regression lines were found to be 
different for differ enb regions of indicating 

different propagation mechanisms. Correlation of signal 
strength with was particularly found to be poor. This 
bas, then, been linked up with pafameber C^^ (spectral 
inbensity of refractive index fluctuations) in Eklund and 
Wickerts^ model for tropospheric propagation through scatter 
as well as reflection. The transmission loss is actually 
calculabed using this method. Effects of super refraction 
during high gradient conditions, have also been taken into 
account by MaDumdan, while calculating the received power 
due to reflection. 
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4.2 Eklund and Wickert e Scatter a?id Reflection Model 

4.2.1 General Eklund and Vickerts^ have evolved a model for 
calculation of received power under the as'^umption that 
tropospheric refractive index field of the common volume is 
of a turbulent structure (variations obeying -5/3 spectral 
law), and also that there are a ntnnber of locally sharp 
boundaries, within this volume, which act as reflecting 
facets, in empirical relationship between intensity of 
turbulence and refractive index gradient through Lhe reflecting 
facets has also been expounded by them, based on certain 
meteorological measurements. It is claimed that this theore- 
tical prediction of expected signal power is in good agreement 
with the experimental results. 

4.2.2 Model of Refractive Index Eield. 

iirborne refracbometer measurements indicated that 
refractive index variations in troposphere obey the -5/3 
spectral law with variations of ‘spikes' of refractive index 
over small distances (horizontal and vertical, both), igain, 
airborne measurements of refractive index at 

altitudes upto 3000 m indicated that atmosphere contains 
volumes of excess refractive index, with sharp boundaries. 

Based on above, a model for refractive index field of atmosphere 
was evolved, so that the received signal power, is a 
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sum of received signal power due to scattering by a homogen- 
eously and isotropically turbulent medium CPg) and power due to 
reflection by many small facets through whDch the refractive 
index gradient is very strong (Pjj)* 

Since simultaneous direct measurements of refractive 
index along with radio measurements were not available, the 
model has been developed using meteorological knowledge of 
atmosphere, fhe mechanisas which cause sharply bounded volumes 
of air of excessive humidity are known to be 

(a) Thermal Convection. Here the volumes of excessive 

humidity are like spherical bubbles. 

(b) Reduced vertical exchange of humidity due to 
thermal stability. This is encountered mostly 
along with inversion layers. Gravity waves or 
shear zones (in vicinity) will create isolated 
volumes having sharp boundaries. 

Interaction between wet and dry air causes refractive 
index fluctuations, and so through this turbulence the strong 
gradients will be broken down into a spectrum of fluctuations 
obeying the -5/3 spectral law. This gives rise to a relationship 
between refractive index gradient (An) and spectral intensity 
of refractive index fluctuations (0^ ) . laclund and Wickerts 
have presumed a linear relationship, picking the constant 
from maximum of observed values of An and 0^ from the most 
effective part of the common volume. 
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A.n 9 0,$ X 10^^ (4*1) 

n 

5he meteorological parameters of significance towards 
Calculation of Pjj are 0^, shapes of volumes of excessive 

refractive index* number of such volumes in the common 
volume* and thickness of 'boundaries of such volumes. Of 
these, only An and have been taizen as variable parameters, 
being the most significant, and the others are considered 
constants. The boundaries of all such volumes are considered 
to be curved with radius, B. = 1000 m (a value chosen to 
represent both the mechanisms of formation of such volumes, 
mentioned above). The thickness of the boundaries, B, is 
considered to be 3 m, and their numbers (estimated from 
airborne refractometer measurements and angel studies) as 
N = 10'"'^ per m^ at 1000 m height, and N = 10”^ per m^ at 
2000 m height, 

2 

4,2,3 Calculation of Power Reflection Coefficient, |R^1 The 
following result has been obtained, in different forms, by 
Priis et.al,^, DuOastel^, Uait^^ and Thayer 

2^1 

reflection coefficient^ r = — -1— ^ “^(n(2i)).e 32 k(cosI 

2cos I 

*^2 

where, I = angle of incidence at the 2 ?eflecting layer, 

k - 2Tr/>, , 

and ^2 > » z being the vertical coordinate. 
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Ttiis foimuXa negleci/s ail internal reflecxxons ■wxth.in a 
layer, and uses not the total change /d n m the layer, but 
its gradient, 

Eklund and Wickerts^ have defined bxie refractive index 

profile through the boundary by two exponential functions 

— .z 

/\ y, Z 

n(z) = (1- e ° ) , z < 0 (4.3a) 

-2 ,z 

and n(z) = n^ + ^ (1 - e^o ) , z > 0 (4.3b) 

where 2z^ = B, the layer thickness* 

Taking de rivat ives , 


dn(z ) An 

dz “ B” 



, z < 0 


(4.4a) 


and « -2^ . e "f 


, z > 0 


3 

Defining an effective layer thickness, (DuCastel ) 


(4.4b) 


Y s» KB cos I 

» KB sin \f' , ip = grazing angle 

or X * kB Vj-' , since Vp small 

Also defining a normalized height variable, y 


since 


(4.5) 



(4.6) 
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Hov, (4.2) ijeoomeB 
ft 


1 r -2 An « I 




B 


e 


-32 Xy 


. B dy 


+ » 


1 r=2|£. /py. ,-32 p, B 


2^ 


<ay 


,dy + j X, )y ^ ^yl 

^ • 4c 


-An 

An 

V * 'W 
O itl< 


[2-I X. 2+3 xj 


An 


2 N|/^ 4 + X 2 

substituting bacfc for X « 


r -J — J 


r » 


A n r 1 1 

2-^ L;T^f7i^-l 


(4.7) 


Power reflection, coefficient 

2 _An^ 


B.. 


4P|-1+(J!^V')2J 


(4.8) 


4.2.4 Prediction of Received Power due to Scattering If d be 
the distance between the transmitter md the receiver, P^, 
the transmitter power, G-^, the transmit antenna gam, then 
at the receiver antenna the free space power density is 
given by 
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(4.9) 


Assuming the scattering volmae to he located at a distance 
d/2 from the transmitter ancennaj the power density here 
would be 


P 


1 


4 TT d 


T 


The amount of power scattered in solid angle -O. will be P.j'T", 
where is the effective cross section for scattering 
corresponding to illumination by solnd angle XI , 


At the receiving antenna i.e. at distance d/2 from the 
scattering volume, this power is distributed over an area 
(d/2) XL • Hence power density, at receiver antenna, of 
scattered energy, Pg will be 

^ ^T ^T 4 

° 4Trd^ d^XL 


Therefore , 
P 


S . „ 
’ps 


4 Pj Sj 

TTd^li- 


ili' 


i6r“ 


Effect IV I 


( 4 . 10 ) 


•p notion of scatter angle, 0, as only a small group of 
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spectral components of the turbulence participate in the 
scattering, at a given angle, Q, Tatarski's equation 4*45 
gives 1 -^ as 

t= aTTic'^ X )-^ (4.11) 


where K = -r- , Y is the volume of turbulent medium, X ^.s the 
A 

angle between unit vector directed from scatter volume to 

receiving antenna and electric vector of the incident ray. 

TT 

Normally X ~ ^ + 0 » 0 (2E sin 6/2) is the wavenumber spectrum, 

1 9 

or the spectral density, and is given by Tatarski equation 
4.44 as 

0^ (2E sm 6/2) 0.053 0*'’'^/^(for anall 6) 

(4.12) 


Y IS the size of the scattering volume. Por narrow bean 
antennas it can be approximated by 


Y ic; 


“sT" 


of the antenna. 


, where / is the effective angular besimfidth 
(Por this approximacion, '•efer to Section 2, 6,1 


). 


Now 4.10 becomes 

^ = 4^ ZTTk'^ SluH sm 9/2)il. 

^PS d^jQ. ^ 

= 4TrK^ sin^XY^ 0n I 

Por a smooth earth case, and for antenna pointing horizontally , 
^ (effective radius of the earth) 
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and for small 0, we get sin^ ')( ^ i 
substituting 4^12 in 4.13, we get 


^= 0,76 0= a, 

■t'pg n e - A 

Modulus of refractivity, M, is defined as 

H ~ {(n-1 ) + X 10^ 

Iherefore, gradient of refractive modulus 


m 

db 



+ ~ ) z 10 
S. 


Effective eartb radius, a 

© 


6 


■t-u 

^ ^ dh 


(4.15) 


or 


a. 




1 +a 


dM 

dh 


X 10' 


• 6 


1 

a 


( 4 . 16 ) 


Substituting for - a in 4.14, we get 

© 



0.76 cl 

Xl 


lot 

dM 

m 




m n-11/3 
rlh ^ 



or 


= 0.76 z 10^® 

•^ES 



/dM n-' 14/3 
'‘dh ^ 



^- 1/5 ^3 

(4.17) 


4.2.5 Prediction of Received Power fa e to Reflection Assuming 
that (a) The troposphere is completely mized, but for reflecting 
surfaces set up by volumes and cur-^ed facets, sffid (b) Geometrical 
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area» S, of reflecting surface is small compared to First 
Fresnal Zone dimensions, "but large ccmpared to the wavelength. 
Following Friis et.al^ ,the following method for finding the 
bistatic radar reflection area is found* 


Fig, 4,1 gives the approxurnai-e geometry ior reflection. 
The effecbive dimensions of the layer w3ll be those prooected 
normally to the direction of propagation. Hence size, S, will 
be 


S = c.bi^ (asy!^is small ) 

The received power, in terms of Fresnal integrals, will be 

2 


= 


P G- 
•^T T 


47r(d/2) 


5 ijjf C^(u)+S^(u]]&^(v)-S^(v)J . jR^I 

('Radar’ formula of Friis et.al,^) 


since G-^ = — , 


1 


)J wj . |r„|' 


(4.18) 


where C^x) and S(x) are uh^ Fresnal Integ.als, and 


u 





COb 


t^ 


dt,S(x)= 



X 2 
Sint dt 


\naen both u and v are very small, wo have appioximately, 

C(u) = u , G(v) = V 
S(u) = 0 , S(v) = 0 
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Therefore, - ^2 ^ *Ad/2 • ^ 6./2 ’ I 

^T^D^l .. 2,2,2., 

^ ^ ° ^ f ^o 1 

* % 


ly ; 


Normally, 

P s ^T^T 

^ 4Trd^/4 ‘ 4TrdV4 

. 4-JTA^ 
since G-g, = , 

p = ^T^^' 

® ” 4TrA^ a' 

Comparing 4*20 and 4.19 , we 

3flectiQTv af*ea, Kf^r as 

77 = j[F- f !^ol‘ 

know from 4.9 that 

!££a " 


( 4 . 20 ) 

find the hi static radaf 


re 


¥e 


(4.21) 


__ ^T^T^R 

■ (4ln^ 


= ;^2 


47r4i _ 4Tn^ 

A2 ' ® ° A 2 


substituting the above in 4.20 , we get 

4rr 

"* ^FS * 'jfp' 


(4.22) 


4.22 now gives the power received by reflection from one 
sarface lying somewhere in midpath* 


TotaA Pjj =* Pj.g * J N dY 


7Td‘ 


J 


(4.23) 


Y 


where N is bhe number of reflecting facets pa: m^. 
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4 . 2 • 6 Conversioa of Volume I ntegraJL into Integral 

The integral in expression (4. 23) nou being easily solvable 

7 

we convert this into a heigi^t infcegralj following Oordon , 
using his concept of scattering angle dependance on scattered 
power received. 

Since the scattered power is proportional to an inverse 
power of 0, the important scattering wiH occur in a voliame 
in which the angle is at or neal* its minimum value. This 
minimum occurs at the intersection of the horizon planes of 
the transmitter and receiver in the plane of propagation. 

At this point the value of © is d/a, as Indicated in Fig. 4*2. 
The horizon planes will form the lower boundary of the 
scattering volume, Now the length, 1, of scattering volume 
will be given by 

1/2 = ^=“25; 

For small 0, 1 = 2h(2aQ/d) (4.24) 

Now refe-ring to Fig, 4.3, define a width w along the 

intersection of the horizon planes {i,e. perpendicular to the 

plane of propagation) by the condioion that the scattering 

cross section at the edge is one— half that at the 

centre point P^ » Scattering cross-section, rs defined 

as the power measure per unit solid an^s, psc unit incident 

7 

power intensity and per ^lnlt volume, and is given by Gordon as 
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^“(e) for smpll 0 . 


(4.25) 


0‘ 


0 ^ - 1 0 '^ 
% “ 2 ®1 


How, the important volume will be uaJcen as a vertical slab 
of constant ^fidth w. The condition on sc altering 
section reduces with (4.25) to 

(4.26) 

In Pig. 4.3, plane TABR is the vertical plane through the 
transmitter and receiver, whereas TA'B'R is the plane 
indicating the width w, as defined above. The angles and 
0^ are contained in these two planes respectively. How the 
half -width w/2 is 


0 


0 


( 5 )2 = . I 


d >,2 
2 


With (4-»26) 


¥ “5* 


(4.27) 


3 a 

The volume integration now reduces to an integration of hei^t 
h, in which an element of volume is the product of width w, 
a lengti^ 1 and an elemental height dh. Ho (4.23) reduces to 

4 f w 2h..2-a 

Total Pp = Pps' -^2 J ^5“ * S ‘ ~ 


or 


" ^PS * 


h 
1.6 . 


J 


Ho V7. h . ah 


(4.28) 
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4*3 Prediction Technique 

(a) The terrain profile in the present prediction system is 
prepared in the same manner as in NBS 101, Tith the difference 
that ef fee Give earth radius is calculabed from the median 
value of refractivity gradient appropriate for the path. Ihis 
has to he determined for the time block, and months or season 
for which prediction is desired. 

(t)) Path parameters like the horizon distances, effective 
antenna heists etc, aPe also determined following ITBS 101. 

(c) The actual calculation for signal strength is made 
following Eklund and Wickert's model, hy finding from 
an empirical relationship with 

Logic = -17 + 0.025 (-47 - 
Here sign of A is to he t^on inco account. 

(d) While Calculating P^^, due to reflection, this model does 
not alloiT for the effect of super- refraction due to high 
gradients of refractivity. Super-re fraction influences the 
reflected signal hy bringing dom the height of common 
volume, thus reducing the angle of reflection and increasing 
the available number of reflecting glints. Both these 
factors increase the field strength. In this method, the 
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effect of super-refraction is talcen into account \)y meaus 
of the tern in bracket in the folloxfing expression, which 
IS a modifiLCation of (4,23). 


P 


D 




dM 

dS 


-14/5 


^n, 

dh 




r 




N , V". dT 


(4.29) 


Inhere is the long berm mediai value of the modulus, 

(e) For gradient values representing ducting conditions, 
the field strength is calculated by mode theory of propagation 
in a duct. 


(f) For gradients between -130 N units/Km and ducting 
situation, the field scrength is obtained by interpolation. 





CHA-EDER 5 
OTHER METHODS 
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5 • 1 OOIB. ^Erench Administration Method) 

CCIR^ report 238-2 provides a method for calculation, 
of transmission loss for cases where radiometeoro logical 
parameters are available. Studies conducted by Trench 
Administration have ^own that attenuation between isotropic 
antenna could be represeni.ed by a formula, -irhich appeared 
to be Valid for all climates, given as 

20 log (fd) + 10 log(fDg)+K.,(Dg)-K 2 (Dg ©) - T 

where L, is the attenuation, in dBs, between isotropic 
^ antenna, 

d IS the distance between antennas in kms, 

f IS the frequency in lUz., 

D IS the distance, in Ems, between radio horizons 
s 

for median ai'iQO spheric condioions, 

Q IS the scatter angle in radians, 

(Dg) IS defined by Eig, 5.1, 

K«(D ©) is defined by Eg. 5.2 and 

T IS a parameter deteimined from meteorological soundings, 
as described in report 233-3 and succeeding paragraphs. 

In this method al-cempt has been made to improve the 
correlation between the variations of sLgnal strength observed 
in the field and the refractivity gradient, Au, by considering 
atmospheric conditions in the neighbourhood of common volume. 
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A ParaJaeter, T, as defined below, was demonstrated to be 
representative of monthly mean path attenuation for very 
different distances and climates, 

T = a G + b G dBs 
e c 

where a & b haye been determined e spe rim m tally as 
a s= and b = 

G IS the ecjaivalent gradient betij-een the ground and the 

common volume (which can often be replaced by ^ U at 1 Km 

the 

above the ground), G is / difference between the value of 

N" at a point situated 1 Em above the base of the common 

volume, and the value at the base of the common volume. If 

G^ IS approximated to be A , then data for determining 

lbs Value is currently available from Radio Ref r activity 

Atlas. G can be determined using this semi- emperi cal 
c 

formula 

G = i- (200 - F„ - I G ) for 1 Km ^ D O < 2.7 Km 
^ (200 - Fg - ^ G^) for D^ > 2.7 Km. 

5.2 Collins Method ^ 

This IS a method contained in an instructional manual 
for the TJ.S. Army^^, and was prepared by the Collins Radio 
Company. Ibe method is entirely graphical did is suitable 
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for quick prediction of patb. loss for field siting of 
mobile troposcatter communication equipment, 

(a) The path length, is deteimined using same formula 
as given in Chapter 2 (Section 2,2), The distance in 
statute miles is given by 

Z(in degrees) x 69ii093 == d (statute miles) 
where Z is the spherical triangle distance between the 
two antennae, 

(b) Horizon an^es are deteimined by using figures 
5.3 and 5.4 and topographical maps. Starting at transmitter, 
find the hipest elevation points along the line towards the 
receiver. The difference between the elevation at one of 

these points, and the transmitter site is found. Depending 
on the distance between the transmitter antenna, and this 
elevation point, Pig, 5.3 or Pig. 5.4 is used bo determine 
the horiizon angle. This is repeated for all high elevation 
points, till the maximum horizon angle is found, 

(c) Repeating (b) above far receiver, it's maximum 
horizon point is also determined. Both these horizon angles 
are added to find the sum of horizon angles for the circuit. 

(d) A Path profile can also be drawn on a 4/3 earth 
profile paper, and distance and elevation values can be 
determined from this straight away. 
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(e) Basic propagation loss is detgnnined from Pig# 5*6 
(which gives the loss for 1000 MHz.). Correction for 
frequency is obtained from Pig. 5.8 which is simply a plot 
of 30 log f, with the ongin. suitably placed. This 
combined loss gives the basic propagation loss for the 
circuit# 

(f) Loss due to elevated horizon angles is found 
using i'ig.-5*5 a set of curves for varying distances, to ^low 
for loss variations Tshen the horizon angles are non-zero# 
Majority of curves are for positive elevation angles, and 
uhere is a very small range of negative elevation angles. 

(g) Komograsns hasre also been made for determining 
the following* 

i) Antenna gain and beamwidth from frequency and 
reflector diameter (Pig. 5.7). 

ii) Aperture -to -medium coupling loss from distance 
and antenna beamwidth (Pig. 5.9). 

This method uses the 4/5 standard earth atmosphere 

and no knowledge of local radiometeorological parameters 

(N or A IT ) IS necessary. Hence no correction for difference 
' s *-*1 

in various climates are possible. 

5.5 Pari* s Method 

1 6 

In a recent paper, Pari has evolved a general 
formula for basic tropospheric path loss, in tenns of 
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spectrum slope, refractive index variance, and scale of 
turTDulonca*2!he refractive index fluctuations have been 
characterised by its covariance function, defined as 

= ®[“l (^1 ) “2 

where n.j(r):=n(r)~ E|n(r for n( r ) being the 
refractive index at a point with coordinates "r . Pari 
has considered the volume of troposphere to be homogeneous 
and isotropic. For homogeneous medium, the covariance is 

III n^*’- ^1 2^3 

only a function of r = - rg. Following fatarsk:! , we 

get the wavenumber spectrum as 

in (2Tr)^ 

For ah isot2?opic atmosphere, the wave-number spectrum is 
only a function of the magnitude k of the wavenumber 
vector "kl 

20 

Again following latar^i , Pari gives the effective 
cross section of scattering a^> of a small volume dV as 

ag = 811^ sin Q/zJ dV (5.2) 

where 0 is the scattering angle, TataTski's equation (1.27) 
gives 3“dimensio nal wavenumber spectrum for an isotropic 
field as 


r r 


jp ( r ) exp( 1 k. r) d' 


n 


(j(k; - 2jfk dk 


(5.3) 
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■'fiiere Y(lc) is che one-dimensio nal spectrum. Equation (1,29) 
shows correlation function, B^(x), to lae a fourier integral 
of V(k), that IS 

V(k) s= 2 ^ J Bj(x) dx (5.4) 

— eOt 

A correlation function, of the j. orm mentioned below, was 
proposed by Ton Karm^ as an approximation to the correla‘'ion 
functions amsing in the theory of turbulence 

Bf(r) =* -||j~ (-|~ ) (-f- ) , l);>0 (5.5) 

2 (•J o 0 

2 

Where a is the variance of the random field, is the 
correlation distance of the turbulence, (x) is vhe 
Bessels function of 2nd kind of sin imaginary argument. 


20 

As per Tatar ski equation 
(5.5), (5.4) and (5.3) above, and 


1.35> nsing equations 
substituting •!)= , 


we get the wavenumber spectrum as 





-m 

) 2 


m>3 

(5.6) 


X£(p^(k) IS plotted on a doubly logarithmic scale, the slope 
falls off as *m', and hence ‘m* is called the spectrum slope. 
The wavelength A= STT/h is assumed to be in the inertial 
subrange, that is, 
lo« A 1*0 

I I * 1 

ffiNI' - 

59546 
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Where ahd are the inner and outer scales of turhulence 
respectively, in (5.6) can usually he identified with 1^. 
As already discussed in Chapter 4» bhe power received from 
a small scatterer at a point r, and with the cross section 


a^, IS 


P ( r ) - P 

® ®’4TrBf(VT ■ ) ' '‘v 

(5.7) 


where Pj(Pg^) 


= Transmitted (Received) power 


Gm(r) (GTj(r)) = Gain of Transmitter (Receiver ) ^x:enna 
* towards the scattering point r. 

Rm( r )(Rt}( r))= Distance from traasmi-^er (receiver) to 
^ * the scattering point r. 

Using (5.6) in (5.1)» and assuming » 1 , we get the 


received power as 


% - 


(2 SSX" 45 


(5.8) 


where 0 = °^rCfVC2>/tf (^^)J 

and range of integration is the common volume Y. It has heen 

assumed that and do not vary appreciably throu^out 

che common volume. Substituting the value of m = 1 1/5 gives 

US ”1116 Eolniog^orov' — OlTukliov 'fcliBory of “burTxLloucB* Soffiug 

1 7 

gives us the e:xpresSxon used hy NBS 101 model. This 
general 63cpreesion caA also be used fer othec* Talues of 



55 


if found necessary. Por any prediction of we will 

li 

need to specify m, r andT”^. 

farl has further derived an expression for approximate 
pa^^h loss for ommidirec bional antennas (with minimum scatter 
angle, Q^, small), xdiidi can be relaxed to fit cases of wide 
beam antennas (beam wide enough to encompas‘= the main 
soactering volume). For ommi directional antemas, basic 

path loss is 



y, 3-m j^2-m 


4 (m-1 Ttm- 


'■ S ' 


m> 5 

(5.9) 


For wide beam antennas, (5.9) must uahe into account the 
antenna gains also. 


In a comparison between m=:5 (FBS 101 model) and 
m=1l/3 ('Turbulent scatter model) for the above path loss, 
we find the frequency dependence for m=5 to be cubic (f""*^), 
while for ms:1l/3» it works oub much weaker (f”^^^). Hence 
turbulent scatter piovides dominant transmission at higher 
frequencies. The following conclusions can be drawn from 
above 

(a) In general » n- is not possible to use a single 
model (fixed m) bo compare performances at 
different frequendes and distances. 
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(b) If only one model were to be used, it is better 
to base the link design on turbulent scatter 
(m=1l/3) model. This model is more accurate at 
high frequencies and is useful at lower frequencies 
to estimate the performance when atmospheric 
layering is absent, 

For narrow antenna beams, Pari has introduced 
Aperture- to~medium coupling loss concept, tsfcing various 
cases of antenna beamwidth. This aspect could not be 
included in this thesis due to shortage of time, AXso no 
analytical work could be done due to same reasons. 







HEIGHT RELATIVE- TO ANTFNNA CEN7 FR 



16 C OO 

1 4000 

1 20 CU 

i OC'OO 

C; C O 

60 CO 

4000 

20 0 0 

o 

~20C0 

-4000 



statute miles, .from antenna 


Fia5.3 HORIZON ANGLE DETERMI NATION. KuRV&fL^EOB LfiNO^T 






S8 


3 

3 

cfT 

QC 



FIG 5 6 BASIC PROPAGATION LOSS CURVE FOR 1000 MEGACYCLES 


cc 

o 

W 

o 

lx. 

Ui 

C£ 


Q 

CO 


oi cvi CO ^ «0 Not><rs2 

J 1 I I U..J 




o 

04 


in o tno o ooooS 
<0 01 id Os. « 5Ch,- 

LM I,' 



Ul 

m 




3 

0 


ooo o 

tO-srro r4 ^05 ro r^^ 

r4c4M rOP0<T«t<unO>U> 


O 


>- 

u 



NOliifOGRAM FOR DETERMINING 

antenna oain and beam width 






RG.5.9 NOMOGRAM FOR DETERMINING APERTURE TO 
MEDIUM COUPLING LOSS. 



61 


CHAPTER 6 

ihtercomparisoh or various methods 

^ Paiji Doss CompariBOn 

(a) A comparison ol median- Path loss as obtained from 
different methods, along muh all other related parajaeters, 
for Kanpur-Hainital link is tabulated in Table 6*1 * 

(b) A comparison between observed and predicted 
path losses (by HBS 101 and NPL methods only, being the 
prominent methods) on monthly basis for fixed hours has been 
done and plotted as follows 

i) Observed 0600 hrs, HBS 101 0600 hrs and NPL 0550 hrs m 
Pig, 6.1 , 

ii) Observed 1800 hrs, HBS 101 1800 hrs and NPL 1750 hrsm 
Pig, 6,1, 

111 ) Observed 1800 hrs, HBS 101 1750 hrs. in Pig, 6.2. 

(c) A cumulative distribution of predicted path loss 

the 

by HBS 101, HPL method andA,observed path loss has been 
plotted in Pig. 6,5, 

6,2 Sources of Data 

6.2,1 Effective Earth Radius, Sg- In Sec cion 3.2 it was 

mentioned that the initial refr activity gradient, ^ould 

1 2 

be read from Radio Refr activity Atlas and used for 
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10 — 

calculation of a^. Ma^iwadar ' s correlation of witli 

N for the three inland radiosonde stations, Allahabad, 
s 

Delhi ah<i Nagpur has been given as 0.66, 0.36, and 0.76 

respectively. Based on this he has evolved the empirical 

relation^ip, for inland regions, as given in Section 3«2* 

fhe contours of iisN^ in Radio Refract ivity Atlas are based 

on data collected from 16 radiosonde stations over a period 

of 4 years (1968-71). AN. vras calculated fron N values for 

* s 

Kanpur— Wainital region and compared with the corresponding 

ZVN^ Values. A vast difference -rj-as found between the two. 

The annual mean N^ for Kanpur-Nainital region was worked oub 

to 315.6 N-units. The gradient calculated from this, using 
model, 

MaOnmdar’s £ works out uo 36.06 N-units/Km, whereas the 

annual mean AJJ » read from Atlas, works out to 66.25 N-units/Km. 
1 0 

Also, Ma^umdar has given (in his Rig. 6.1(b)) represent a bive 
mean values of refractivity gradient for different regions 
of India. The value for Northern and Central Plains varied 
between -50 to -70 N-units/'Tm. Based on this, and on the 
fact that correlation of with N iojc ableast one inland 

radiosonde station (Delhi) was found to be poor, wo reDect 
uhe empirical model for decex-mining AN^ from N^. Hence the 
effective earth radius has been calculated, in this thesis, by 
using refractivity gradient, read from the Atlas, appropriate 
to the path and time of the year. 
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6.2,2 HBS 101 Method 

(a) The meah value of for median path loss has been 

s 

calculated by using the mean value of surface refract iviuy 

1 1 

reduced to mean sea level, read from na^umdar , in the 

following esjpression 

N = N exp (-0.1057 h„) where h is the elevaT-ion 
SO s s 

of the surface above mean sea level in kilometers. 

(b) The values of for 6,1 (b) (i) and (ii) above have 

s 

1 5 

been taken from Pande , and are the values measured at Delhi. 

The values of F for 6,1 (b) (iii) above have been taken from 

s 

G-irdhar^^ and are those measaxed at Lucknow, 

(c) For plotting 6,1 (c) above, the method mentioned in 

1 1 24 

FBS 101 has been used. IiaDumdar , after VenkiteswaTah » has 

classified the region of Eanput-raiuital lini:, as per 

classification of FBS 101, as 'Gontinenxal Temperate’ from 

November to May» and ’Equilorial*^ from June to October. 

1 7 

Using tile data given in NB& 101(vol. II) for these two 
climatic regions, the weighted meah values of V(0.5, d^) was 
found, Also the functions I(q.»dQ,100 IJIz) for q. = 0,1 and 
q = 0,9 were similarly determined from data lu NBS 101 
vol, II. Now, 

Y(q,f)=I(q,d ,100 Mz) g(q,f) for q=0.1 ahd q = 0.9 
© 
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^rheve g(q.,f) is the ‘frequency factor'. For frequencies 

from n 

above 1.6 GHz ic can he taken as 1 ,05(Z.Coajui-er Code^), 

To estimate the other percentile levels, ohe folloxving 
empirical relationships from ITBS 101 (for 'Continental 
Temperate' Climate) were used 

Y(0,0001 )=3.33 T( 0 . 1 ) I(0.9999)=2.g0 Y(0.9) 

Y(0.001 )=2.73 Y(0,1) Y(0.999 )=2.41 Y(0.9) 

Y(0.01 ) =2.0 Y(0.1) Y{0.99 ) =1.82 Y(0.9) 

6,2.3 HFl Method 

(a) The mean value of initial refractivity gradient, 

has been obtained from initial refractivity gradient 

contcaxra , for different monrhs (0000 hrs and 1200 hrs GMT), 

1 2 

read from Radio Refractivity Atlas . 

(b) Data of for plots menxioned in 6.1(b) above 

1 2 

has also been read from Radio Refractivity Atlas 

(c) Data of for cumula'^i've distribuxion in 6,1 (c) 

has been read from the cumulative distribution curves in 
the Atlas, for 'Northern Plains', and the mean obtained. 

(d) Volume integral in ihis method has been converted 
to a hei^t integral by the method mentioned in Chapter 4. 
Since no data was available regarding the number of reflecting 
facets per (metre) , xhe values maitioned in Eklund and 
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(^) Q600 hrs ITPL method tends to correlate to 

observed values for period ipml-July, whcjreas iTBS 101 seems 
bo Vary in accordance -iTX-th observed in the period July- 
November, No other similarity of any iiabure is observed. 

1800 hrs. NPL method appears "co corielaie fo-^ the 
period Pebruary-May» but variations in predictions by 
N3S 101 (Delhi Data - Pig. 6,1), though some T^iat subdued, 
tend to agree lath variations of observed path loss for 
Che period January- August , For Lucknow data (Pig« 6.2), ohe 
NBS 101 does not vary very greatly from observed values 
(at most, upto 10 dBs), and appears to be in perfect agreement 
for the months of August and September. 

p 

(c) The structure constant, 0^^ , (used in NPL method) 

for the median yearly relative to Kanpur-Nainital 

region works out to 2.77 x lO”^*^ (cm)*"^^^ and does not comparo 

^0 *i 5 

favourably with the values quoted by Majumdar (5x10 
to 10“"^ ^(cm)"”^^ for Delhi region), but agrees well xa.th the 
figures quoted by Eklund and dicker Is^ (2,5x10 to 
6,3x10*"^^). 

(d) At this frequQicy (2100 iHIz) , the reflection mode of 
propagation was found bo be dominating. Our value of 10 log-jQ 
(p„/p„-) (-62.8 dB) was found co be hi^er than that obtained 
from relevant curves (approx. -75 dB) given by Eklund and 
Wickerts^. 
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chapter 7 

path loss sensitivity studies 

7 • 1 Surface Refractivity or Initial Re fr activity Gradient 

Th.e dependence of pa^H loss on the surface refractivity 
can be expla;].ned as follcws* The value of refractive index 
near the upper boundary of the troposphere remains almost 
constaht with most of the variations of climatic factors, so 
when surface refractivity, N„, increases, the gradient of 
refractivity ^ decreases. Dolukhanov^ gives the simplified 
expression for the radxus of curvature of die ray path as 

1 

R = metres (7.1) 

dN 

It can be seen that with decrease in ^ , the radius of 

curvature of bhe ray Path, will decrease, resulting in higher 

bending and lower scatcer angle. Hence bhe path losses will 

decrease. Similar arguments can be extended for initial 

refractivity gradient, -sdiich may be approximaced for 

^ so far as ray bending is concerned, 
dh 

Studies were conducted to determine the sensitivity 

to N (NBS 101 Method, COIR Method) and to AN (NPI method) 

of Path loss prediction on Kanpur-i'iaimtal link. The 

sensitivity curves aire plotoed in Eig. 7.1. The annual rang® 

of N in the region of this link was found to be varying 
s 
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from 280 to 400 N-umts. In this complete range the HBS 101 

method exhibihited a Pa’Ch loss chanse of only about 10 dBs, 

indicating that it was not very sensitive to changes in the 

Value of N • In the same range of U ^ the CCIB method 
s s 

displayed a path loss range of 65 dBs. 

The annual range of is from -35 to -100 N-units/Em 

(other than ducting situations) • i'TPL method shows o path 
loss range of 50 dBs, and is therefore quite sensitive toAN^* 

7*2 Scatter Angle 

It has been seen in Chapters 3 to 5 that the 

predicted path loss is dependant on the scatter angle © • 
Calculations for various values of ©, extending from 0,5 to 
10 degrees, were done for HBS 101, CCIB. and NPL models of 
prediction, for the Kanpur-Hainital link. 

The results have been plobted in Ib.g. 7.2. The NPI 
meohod was found to be more sensitive to changes in scai^ter 
angle exhibiting a path loss range of abouc 75 dBs# The 
behaviour of CCIR model was found to be odd, in that, the path 
loss was found to decrease mth increase in ©. This variation 
was found to be so due to the empirical curve given in Pig, 5*2 
and used in the CCIR prediction method. Beyond this, no 
logical explanation for this odd behaviour could be given, 
and it appears to be a basic flaw in the model. 
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In tropo aJitennas, it is possible that due to problems 
of erection or fixing feed horns etc., the elevation ahgle 
may not be the planned one, thereby contributing directly to 
scatter angle of the link. The sensitivity of both these 
mebhods in the low scatter angle range can be seen (from 
Ihg. 7.2) to be rather high. Hence any elevation angle errors 
Can change the path loss predictions significantly. Por the 
current scatter angle (as marked in Pig. 7.2), an elevation 
error of 0,25° will cause a prediction error of approx. 4 dBs 
for HPI method, and 2.5 dBs for IBS 101 method. 

7*5 Effective Earth Radius 


It is known that bhe classical method of accounting 
for the tropospheric refraction of radio waves is to enlarge 
the earth's radius to an effective earth radius, and then 
assume the waves to travel in straight lines. Effective 
earth radius, 


slq = k.a = 


Mu 


. , d3Sr 
1+a gjj; 


,10 




where a is true earth radius (6370 Ems) 


k IS the effective earth radius factor. 


(7.2) 


As the effective earth radius factor, k, is increased, we 
assume that the radius of curvature of the ray is being 
decreased. Hence there will be more bending, resulting in 
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smaller scatter angles and, so, less path loss.Calculab3jons 
oX Path loss, for various value of k, extending, from 1,0 bo 
2^5, were done for hanpur-i'ainital link, end the resales have 
been plotted in Pig. 7.3. Since k depends on || , the 
corresponding values of AlT^ have also been indicabed. 

CCIR method e^diibits a posiuive change in the value of 
predicted path loss with increase in k, This abnormal 
behaviour is again linked bo function ko(D_.0) in Pig. 5.2, 
due to which the basic path loss increases with decrement of 
scatter angle 0. 
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CHAPTER 8 

EAVESDROPPING AND JAI^MING OP TROPOSCATTER LINZ 
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8*1 Gen eyal 

Due to some inherent military advantages of the tropo- 
scatter communication systam, viz. long distance, suitability 
over rugged or inhospi cable berrain, relatively high degree 
of security and high propagational reliability on a year-round 
basis, such systems have become import an c as one of the mili- 
tary communication channels. Hence, electronic counter measure 
techniques (ECM) are likely to be adopted to eavesdrop/osp 
the enemy's liiak. Since, both, eavesdropping and oamming are 
related to path losses, ah attempt has been made here to 

evolve a method to predict the path losses for an eavesdropping/ 

22 

oamming terminal. Tewari and Rao have discussed jamming 
of troposcatter links, assuming the jammer to be located in 
the great circle plane of the operating link. 

A method is given in succeeding sections for finding 
the Path loss between an operating transmitter and an eaves- 
dropper (for Various locations of eavesdropper), and between 
a oammer and its victim receiver (for various locations 
of oammer) based on NBS 101 model of prediction, as given in 
NBS 101 vol, II, Annexure III. 6. The general case of 
eavesdropper/ Oammer located outside the great circle plane of 
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the operating link has been used, uhile calculations for the 
particular case of eavesdropper/ jajniaer being located in the 
great circle plane have also been done. 

8.2 Prediction of Path Losses for an Eavesdropper 

For any eavesdropping receiver to be effective, it is 
necessary that its antenna bean incersect with the operating 
transmitter bean, and foim a common volume with it. Fig. 8.1 
gives the geometry for eavesdropping. 'The operating link 

, with a distance d’, is assumed to have its beam intersectiJn 
in the vertical plane Y~Z. The transmitter beam, TP’, is 
assumed to be at an angle 0 to the horizontal plane Z-Y and 
the line . in eavesdropping receiver, R 2 J is assumed to be 
located at a distance d from T, in Z-Y plane, and deviated 
at an angle cK , in azimuth, to line TR^ . For eavesdropping, 
the R 2 antenna beam is directed to intersect the antenna 
beam TP' at any point P, making a scattering angle, 9 in the 
plane TPR 2 . Row, assuming that T and R 2 form a tropo scatter 
link and that plane TPR 2 makes an angle ^ with the great 
circle plane containing T and calculate the 

predicted path loss by RBS 101 method for the case when the 
antenna beams are directed out of the Great Circle Plane, 

Angles Y and ^ give the directions of bhe antenna beams in 
the scattering plane TPR 2 for T and R 2 respectively, ingle 
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IS takcsn to be the elevation of beao. ^21* over the horizontal 
plane X-Y. 

lii Fig. 8.1 , if B perpeiic'ic'ular is dropped from P to 
TR2 f meeting it at O’, and anouacj. perpexidiculax'* from 
P to TR, meeting it at then 

TT -f 

PQ = TQ tan 0 , and PQ= PQ ' sin(~^ - ) (8.1 ) 

where ^ is the angle uliat plane PxR2 nahes with the 
vertical plane at TR2. Prom (3 .I), 

TQtan0 = Po* cosCf 

= TP sin S cos^ 

_ sin / cosvf 

cos 0 

or cos Cf = (8-2) 

Taking unit vectors, TP and IR2!> and resolving, 

A y\ 

TP = cos 0 i-y + sin 0 1^ 

/N 

TR2= Sin 1^ + cos c>( 1 
Talcing dot product of uhese two, 

j /^1 f v- 

TP TR2 cosX = TP.TR2 

' ' ' /S /S ^ 

= (cos 0 1 +sin 0 1 ),( sinoC 1 +COS cs< 1 ) 
cos f = CO S 0 COS 0>\ 


or 


( 8 , 3 ) 
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In triangle TPR 2 » using sine rule, 
PR, 


^2 „ ^ 
sin y sin 

or PRp = PT sin Y/sin 




Now, s^nS = ^ = f 

or sin = sin 0 sin |3 /sin /* (8,4) 

RBS 101 mentions that the path loss for a link, Wiiich has 
its antenna "beams directed ouo of bhe Great Glide plane, can 
"be calculated by the method given in Chapter but with the 
following modification, Ihe ''scei-G ering plane” is determined 
by the line between the antenna locabions, and bhe axis of 
bhe stronger of rhe two intersecbino beams, making an angle 

5 


Cf With the great circle plane, i'^o r effective angles 0<^, 

€ 


Can be determined as 


^ eo 


00 


sec 


P eo 0 


sec 


(8.5) 


Inhere is bhe angle avay fx-om die greab circle plane, and 


o( 


00 ’ p 


00 


are as defined in Chap cer 2, but using the 


actual earch radius, o. = 6370 ijn, instead of an effective 


earth radius, a^ Considering the ray bending, 
, , „ 1 a gecd' 

o(e = r~ ' T" - 


s 




d._ secjl j^T j 


and pe= Peo'^t?^®br 


s 


( 8 . 6 ) 

(8.7) 
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vhere Ng) IS tho 'bendino ox a radio x’ay which, taices 

off at ah ahgle 9^ above the horizohtal ahd uravels d iOns 

through ah atmosphere char act ox-ised by a surface refractxvity, 

H . 9, . , 9, are the angles of elevation of bhe lowex' 

half-power point of the antenna beau above the horizontal. 

The ray bending may be determined using methods ahd tables 

26 

furnished by Beah and Thayer . for short aistahces /.large 
angles 9.^^, 'C is negligible. Bor a low value of 9^, we find 
that the effective earth radius approximation is adequate for 
determining tT » as follows. Referring to Iig. 8,2, we xrrite 

2, S 

the classic expression for bending, following Beah & Thayer • 


di: 



cot 9 = 




at 


( 8 . 8 ) 


Finding ihe total bending, 



( 8 . 9 ) 


( 8 , 10 ) 
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UBS limits the use of this expression to a value of 
0,1 radians, which would adequately cover mosb of the 
tropospheric scatter links. 

Bow, 

©=0( + ,s=0^/p, 

e e r e * e e' Me 

and all further calculate ions are none hy using and s., as 

© © 

given in Chapter 3. 

In Big, 8.1, we can consider the transmitter, T, and 
receiver, R2, to he in its great circle plane, hut the 
antenna beams directed out of lu. Now plane IPB.2 forms 
the "scattering plane" and it makes an angle nj with the 
great circle plane. Since plane Z-Y is the horizontal plane 
joining the two antennas, 

(a) (for link TR^ ) =0 

(h) o(qo link IR 2 ) IS calculated with actual 

earth radius Uq 

(c) (for link R^"') = S 

(1) »et = ®er = V 

Hence, knowing the pach geomebry, we can find all the essential 
Parameters required bo determine the predicted path loss 

between T and Rg. Assuming an arbitrary eavesdropping 
reeeiver, R2, loco-^nd on smooth earth at a -distance 
of 300 Bins fresa T, calculations were made for eavesdropping 
of Kanpur-Nainital link (with its transmibter at Nainital). 
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Path loss prediction curves have been dram, in Pig. 8.3, 

for azimuthal angle, cf\ , values of 0°, 10° and 30°, and p 

Varying from 1,5° to 10°. Pig. 8.4 gives similar curves, 

but forO^ss 50 and distances of 100 Kms, 500 Kms and 1000 Kms. 

been 

In both the above cases, has^tahen to be the Kanpur - 
Kaxnital yeaf'ly mean value of 315.6 K-units. 

Prediction of Jamming Power for a Jammer 

ye can consider similar geometry as in Pig. 8.1 , but 
with transmitter, I, replaced by receiver R, and receivers 
R^ and R^ replaced by transmitters T-j and where is 
the desired transmitter and I2 Damming transmitter. 

With this, the "scattering plane" remains the same, as in 
Section 8,2 above, and ihe same meohod can be used to predict 
the path loss between receiver R and jammer l2* 

To Dam the receiver effectively, the jamming signal 

at the receiving antenna should be higher than the desired 

signal by a certain value. If J is termed as poorer 

density of the jamming signal at the receiving antenna, 

and D as the power density of the desired signal at the 

receiving antenna, then ( J/B ) racio should exceed a 

22 

certain minimxjm value, Tewari and Rao have taken this 
to be 10 dBs* In this thesis also, we assume the same 
Value. 
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For 3 ainming to be effective for a desired percentage 

of time, tlie QaJnmer power must be incremented by a factor 

M dBs, where M is termed as i^he jamming rel ability factor, 

or syston margin. Considering che worst case situation, that 

least 

IB, when bhe desired signal is si^rongest due to^fading, and 
simultaneously the ja^iming signal is weakest due to 
fading, M IS defined as 

M(dB) = (8.11) 

where L- is the fade margin lor the jamming circuit for 
ID 

the desired reliability, and i^he fading margin for the 

desired circuit for the desired reliability. These fade 
margins can be read from standard curves for varying orders of 
diversity and reliability. Hence, for a high reliabilicy 
Jammer, facxor M will increase, demanding a much higher 
Jamming transmitter power* 

The jammer power required no^r can be calculated 
as follows* 

The power density of the jamming signal at the front 
end of the receiver will be (Pj dB where, Pj 

IS the Jamming transmitter power in dBs, &pj is the path 
antenna gain for the jammer -receiver antennas and Ij is 
path loss between the jammer and i<he receiver. 
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Similarly, for iiie desired signal, ‘clie poorer densily 

in.ll be (Pjj + ~ dB, viiere Pjj, and are the 

corresponding Values for the desired transmit ter -receiver 

link, G or G^- can be determined as follows 
Pi) Po 

^pD( J)^D( J)^^R ” lntenna~to-Iiedi-um Coupling loss 

Curves for determining .hibenna-to-Jedium Coupling Loss are 
given in NBS 1 01 , 

Now, Bj = Pjj+Gp^-Gpj-1^+Lj+ ^ + II (8,12) 

Sample calculations were done to determine the required 
jamming power for an arbitrary oammer to 3 am the Kanpur - 
Nainital link, Pigs. 6,5 and 8,6 give the curves of 
required Jammer Power vs. ^ for same variations of distance 
and azimuth as in the case of eavesdropping. The following 
Gammer parameters have been assumed, 

a) Height of Gamming transmitter antenna - 800 metres. 

b) Effective height of Gamming transmitter antenna - 
790 metres, 

c) ill antenna diameters - 8,53 mexres (28’). 

d) Waveguide and Coupling losses for each link - 4 dB , 

e) Jamming reliability face or, M - 10 dBs. 

f) Effective Earth Radius - 11021 Ims, 

g) Surface Refr activity, Ng 


31 5. 6 N-units, 
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It IS noticed from Pigs. 8,5 aP-d 8*6 that 3 aEiming a 

tropo scatter link is possible, but only for snail distances 

and small azimuthal variatiOi s, Por greater distances 

and azimuthal angloe, the pouer requirements vork out 

to be very high, and may not be easily realizable* 

IJhile plotting the curves in Pigs, 8,3 to 8*6, function 

P(0 d) had 00 be read from PBS 101 vol. II, Pig, III. 12, in 
e 

which P(9d) has been plotted aSainso (©d) for various values of 
s since (©d) has been marked on a logarithmic scale, reading 
of these curves ©^ give certain inaccuracies* Keeping this 
in view, the best-eye-fio curves have been drawn* 
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CHAPIiSl 9 
CONCLUSION 

l-ie int ere omp arisen cx various path loss prediction 
methods done in Chapter 6 clearly shows that 1h.e NBS 101 
method, as used by us, correlates better with the observed 
Path loss, for Eahpur-Nainital link* Earlier comparisons 
made by Ma 3 timdar ’ ^ and Sarkar over a wide variety of 
Paths, at 120 MHz. and 2 CHz., have revealed the NPL method 
to be giving more accurate predic cions* She above anamoly 
may be due to the fact that Ilaoumdar and Sarkar, both, may 
have taken the original model of (for Anerican Conditions) 

given in NBS 101 for finding the effective earth radius for 
NBS 101 method, while we have t^ten ^N^(from Atlas) as 
relevant to the paths* Ue conclude that NBS 101 method of 
prediction of path losses may be used for planning purposes, 
but with a calculated from » taken from the Atlas# 

However, more investigation on this comparison needs to be 
done. Also, currently no mechod oxis'cs to determine the 
cumulative prediction of path loss for the ITPL method* 

Using available data foi various regions, an empirical 
relationship for predicting path loss for various percentages 
of time could be evolved* 
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Since the odd tehaviour ol GGIR ( French Administration) 
method, with respect to the sccbtex- angle could not he 
resolved, it is suggested th?x this method not oe used any 
more. Parl's method appears to he very general, and 
studies could he carried oux to ti^ and fit a value to slope, 
m, for Various regions of the country, ha&c(3 on comparison 
of predicted results and observed data* Ihis method could 
not he investigated, in details, xicre since it could 
he made available very recently. 

Sensitivity of path loss calculations to N^/ 
and scatter angle, revealed the extent of error thav could 
he expected when we are either using unsure data 
or when there has been certain misalignment or errors in 
erection of antennas (causing change in the scaTiter 
angle) . 

Studies on jamming and eavesaropp mg of oropo scat ter 
communication links showed thac given Bloctronic Support 
Measures (ESM), it is possible bo conduct Eleccronic ''•/arfare 
on a *tropo * link, even when the hostile receiver or 
transmitter is not in the great' circle piano of the existing 
link. In addition, since the received signal level (for 
eavesdropping), and the required jamming power (for Damming) , 
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caJi actually "be predicted, 'both those operations can 
he fully planned. It would, perhaps, be worthwhile to 
exp eri’"'ent ally try eavesdropping/ oanming ''oy mobile 
tropo equipment, to decermine ohe accuracy of these 
predictions* 
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